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(57) Abstract 

For the purpose of spatial reproduction of an audio signal, the latter must be projected onto the positions of the existing loudspeakers. 
It is desirable in this case not to have to be fixed on a specific loudspeaker configuration for transmitting the audio signal. However, a 
problem here is that a multiplicity of po.ssible combinations exists. In the method according to the invention, the sound sources (3) are 
-^-j-^ifllerpreted as acoustic objects for the purpose of projecting them onto an arbitrary loudspeaker configuration (2). Here, an acoustic object 
consists in that in addition to the audio signal a sound source is assigned an item of spatial information which specifies a virtual, spatial 
position of the sound source. In order to reproduce an acoustic object, the spatial information of the sound source and the actual position 
of a loudspeaker are used to calculate the virtual distance from the sound source via the loudspeaker to the hearer (1). Before reproduction, 
separate processing (7, 8, 9) of the audio signal for each loudspeaker is then performed for each acoustic object. 
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Method and device for projecting sound sources onto 

1 oudspeaker s 

The invention relates to a method and a device 
for projecting sound sources onto loudspeakers in order, 
in particular, to permit spatial reproduction of the 
sound sources. 
Prior art 

It is known from the MPEG-2 Standard ISO 13818 to 
aim at a spatial representation by means of multichannel 
stereophony, also called surround sound, for audio 
reproduction. Six channels are provided in this case for 
the multichannel sound, of which three channels (left, 
centre, right) are arranged in space in front of the 
listener, two channels (left surround, right surround), 
are arranged in space behind the listener, and a sixth 
channel is provided for reproducing low-pitched tones for 
special effects. The sound channels are matrixed in 
order, on the one hand, to ensure reverse compatibility 
with MPEG-1 audio signals and, on the other hand, also to 
render satisfactory reproduction possible, if instead of 
a complete surround-sound loudspeaker configuration only 
a pair of loudspeakers are present-. In this case, the 
calculated stereosignals are transmitted as MPEG-1- 
compatible stereosignal and the remaining signals as 
additional data. 
The invention 

It is the object of the invention to specify a 
method for spatial reproduction of virtual sound sources. 
This object is achieved by means of the method specified 
in Claim 1. 

It is the further object of the invention to 
specify a device for applying the method according to the 
invention. This object is achieved by means of the device 
specified in Claim 8. 

In order to reproduce an audio signal, the latter 
frequently has to be projected onto the positions of the 
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existing loudspeakers, A few projections may be mentioned 
here by way of example: 

a) Ttk projection of a mono signal onto a pair of 
rVr loudspeakers . 
5 b) T:.^' rroicction of a 3/2-signal (3 loudspeakers in 
::cr.:/l* loudspeakers behind) onto a 2/2 loudspeaker 
u r r .:p. jenient . 

c) Thv projection of a signal with the position 3m 
uway, left, 10"* high onto a loudspeaker ring 

10 w:.:cr. c:rr.;. rises 8 loudspeakers at a distance of 2m 

w:i:. c: : v r.i:>cctive 45** spacing. 

d) T:*- :r::crt.ion of 2 sound sources in the room onto 2 
Ir ti::: pc^.i tW'-z z . 

I: desirable not to have to be fixed on a 

15 specific: cnn: : quration for the transmission of an audio 
signal. However, the problem arises in this case that 
there is an unlimited number of possible combinations. 

in principle, the method according to the 
invention for projecting sound sources onto loudspeakers 

20 consists in that the sound sources are interpreted as 
acoustic ob;)ects, an acoustic object consisting in that 
in addition to the audio signal a sound source is 
assigned an iter:i of spatial information which specifies a 
virtual, spatial position of the sound source. 

25 The audio signal is advantageously processed as a 

function of the associated item of spatial information in 
order to reproduce an acoustic object. 

In this case, the spatial position of the 
loudspeakers is preferably additionally considered, the 

30 virtual distance of the sound source from the loudspeaker 
being calculated from the spatial information and the 
position of the loudspeakers, and separate processing of 
the audio signal for each of the loudspeakers being 
performed for an acoustic object. 

35 It is, furthermore, advantageous when one or more 

of the following parameters are considered when 
processing the audio signals: 
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- amplitude attenuation, for example by damping 
or diffraction, 

- a different propagation time for the various 
acoustic objects and loudspeakers, 

5 - consideration of the dependence of the 

loudspeaker level on the spatial arrangement by 
means of the outer ear function. 

In this case, the processing of the audio signals 
can be further improved when the frequency dependence of 
10 the parameters is also considered. 

The mathematical functions required for 
considering the parameters such as, for example, an 
attenuation function are preferably transmitted and/or 
stored as a function of the distance and/or the angle of 
15 deflection. 

It is particularly advantageous when the data of 
an acoustic object are stored and/or transmitted by means 
of a compressed data stream in accordance with the MPEG-4 
Standard. 

20 In principle, the device according to the 

invention for projecting sound sources onto loudspeakers 
consists in that an arithmetic unit is provided which 
calculates the distance of the virtual acoustic objects 
from the respective loudspeakers from an item of spatial 

25 information transmitted with the audio signal and the 
actual position of the loudspeakers. 

In this case, a memory is preferably provided in 
which the respective loudspeaker positions and/or 
mathematical functions for considering parameters are 

30 stored. 

It is advantageous to provide n x k actuators for 
n acoustic objects and k loudspeakers, an actuator 
carrying out processing of an audio signal with reference 
to one of the loudspeakers. 
35 In this case, a frequency dependence of the 

parameters is preferably also considered by the 
actuators, the signals firstly being resolved into 
frequency bands by a split filter (10), the individual 
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frequency bands then being processed individually, and 
the processed frequency bands subsequently being 
recombined by a merge filter (12) . 

It is particularly advantageous when the split 
5 filter and/or the merge filter are part of an audio 
decoder which is present in any case. 

Furthermore, one or more directional microphones 
can preferably be provided which are used to measure the 
loudspeaker position. 
IQ The directional microphones are preferably 

integrated in a remote control. 
Drawings 

Exemplary embodiments of the invention will be 
described with the aid of the drawings, in which: 
15 Figure 1 shows virtual sound sources which are to be 
projected onto an existing pair of loudspeakers; 
Figure 2 shows the graphical representation of a model 

for calculating sound paths; 
Figure 3 shows the block diagram of a presentation 
20 circuit of the described model; and 

Figure 4 shows a section of an audio decoder according 

to the invention. 
Exemplary embodiments 

A typical problem arising is represented in 
25 Figure 1. Two virtual^ sound sources 3, violin and 
tr\ampet, are to be projected onto an existing pair of 
loudspeakers 2 such that the listener 1 has the 
impression that the violin and trumpet are located in the 
spatial positions represented in Figure 1. 
30 A model can be developed for such a projection, 

and is based on the following observation: that a person 
be located in a room having a plurality of windows which 
are all open. That there be various sound sources outside 
the room, also termed acoustic objects below, such as 
35 street musicians, a car horn etc., for example. The 
person can locate the various sound sources effectively 
in acoustic terms, even if they are not visible. This is 
based on the fact that the sound paths through the 
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various windows are different. The model described below 
is based on replacing each window by a loudspeaker. Given 
that the loudspeakers are correctly driven, the same 
sound field should result, and it should thus also be 
5 possible identically to locate the acoustic objects. 

A graphical representation of the model is 
represented in Figure 2. A listener 1 is located in an 
arbitrarily shaped room whose walls 5 consist of absorber 
material, with the result that no sound can penetrate 

10 from outside and no reflections are produced inside the 
room. The sound sources 3 are basically located outside 
the room. The loudspeakers or windows are taken into 
account by holes 6 in the wall of the room. This produces 
various sound paths 4 from the sound source 3 to the 

15 listener 1 through the various loudspeakers or window 
openings 6. The sound enters the room in this case 
through all loudspeakers or window openings, although 
each sound path has its own characteristics . 

A presentation circuit in which the model is 

20 converted is illustrated in the block diagram shown in 
Figure 3. Two acoustic objects 3, violin and trumpet, are 
projected in this case on the three existing loudspeakers 
2. For each acoustic object the audio signals are now 
processed as a function of the virtual spatial position 

25 of this acoustic object and the actual position of each 
loudspeaker, in order to permit driving in accordance 
with the respective virtual sound path. In a 
generalization to n acoustic objects and k loudspeakers, 
this means that n x k actuators are used. In this case, 

30 one or more of the following parameters 7, 8, 9 are 
considered in each of the actuators in accordance with 
the virtual sound path. In order to drive the amplitude 
correctly, the latter must firstly be calculated as a 
function of the path length. In addition, consideration 

35 can also be given to attenuation or absorption by the 
air. Different functions can be considered in this case 
depending on the type of the sound source or the 
attenuation of the air. Thus, a spherical sound source 



NSDOCID: <WO 9B20706A1 I > 



wo 98/20706 



6 



PCT/EP97/05902 ' 



loses its acoustic power with the square of the distance, 
that is to say the received power is given by the 
following formula: 

Received power (r) : = transmitted power/r^ 

By contrast; a cylindrical sound source such as a 
train or a street, for example, looses its acoustic power 
only with the simple distance. The respective functions 
can be stored in this case in the presentation circuit, 
but can likewise be transmitted and stored with the 
signal. They can likewise be determined by the respective 
application or the user. In addition, it is also possible 
to consider diffraction which occurs at the loudspeakers 
or the window openings. In order to be able to consider 
these diffraction effects precisely, the diffraction 
would have to be calculated by the s\im of all sound paths 
by means of a specific hole geometry, taking the 
frequency and phase into consideration. This gives rise, 
in approximate terms, to the fact that at low frequencies 
propagation takes place in all directions independently 
of the angle of incidence, while at higher frequencies 
the amplitude of the audio signal is a function of the 
angle between the entry to and exit from the respective 
hole. An approximate formula can be used to reduce the 
outlay on computation. Such a formula can also, as 
already described in the case of attenuation, be 
transmitted at the same time or be set by the application 
or the user. Since the diffraction effects depend on 
frequency, it would be necessary to consider this 
dependence on frequency in order to be able to calculate 
the diffraction attenuation exactly. In order to realize 
this in technical terms, it is necessary either to use 
filters with defined group delay times, or to resolve the 
5 signals into frequency bands and process them 

individually. 

As represented in Figure 4, in this case the 
division could be performed by a split filter 10, 
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subsequent to which processing would be performed by 
various actuators 11 and, finally, the processed signals 
would be recombined by a merge filter 12, This can be 
integrated particularly well into a typical audio decoder 
5 for MPEG, AC3 or ATRAC signals, since in their case 
processing is performed in the frequency domain and a 
split filter has already been provided for this purpose, 
with the result that there is no need to provide an 
additional split filter. 

10 A further parameter is the propagation time 

(delay) of the signal. It holds here in principle that 
the sound wave first impinging on the ear is decisively 
involved in the perception of direction. For a path 
length r and a mean velocity of sound c of approximately 

15 340 m/s, it holds as: 

Delay ( r ) : = r/c 

In this case, the length r can be shortened by 
20 the shortest distance between the loudspeakers and the 

listener. This reduces the storage requirement in the 

presentation unit. 

There is a transfer function, also called the 

outer ear function, which is dependant on the direction 
25 and frequency, between a sound source and the human 

eardrum. In simple terms: the sound from the front is 

filtered differently by the ear muscles than the sound 

from behind. 

The outer ear function should be considered if 
30 the desire is to radiate a virtual sound source, 
positioned at the angle x, by means of a loudspeaker 
which is provided at the angle z. This requires the 
differential level signal between the virtual and 
loudspeaker positions to be determined and the signal to 
35 be appropriately filtered. Since the outer ear function 
is not the same for all people, it is conceivable to 
enable the user to choose between different outer ear 
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functions for the purpose of a particularly good 
correction. 

Here, as well, the filters can be realised by 
actuators in the frequency plane of an audio decoder. 

5 The actual loudspeaker position must be 

determined in order to determine the path length between 
the virtual acoustic object and the actual loudspeaker 
position. Various methods are conceivable for this. Thus, 
the user could measure the space coordinates of the 
10 respective loudspeaker boxes using a meter rule or 
similar, and input the corresponding distance data into 
an input device which relays these data to the 
presentation circuit. The input can be performed here via 
a keyboard on the appropriate device, or a remote 

15 control, it also being possible, if appropriate, to 
monitor the input data or for the user to be guided by an 
on-screen display on a display device or on a viewing 
screen . 

It is also possible to measure the loudspeaker 
20 system with the aid of one or more directional 
microphones, in order to save the user the mechanical 
measurement of the distances. The distance of the 
loudspeakers from the directional microphone or 
microphones can be determined in this case by reproducing 
25 via the loudspeakers a test sequence with pulses and by 
measuring the propagation time. The angles of the 
individual loudspeakers can then be determined via the 
directional characteristic of the directional 
microphones. It is then possible to measure the 
30 loudspeaker configuration automatically. In particular, 
it is self evident in this case to integrate the 
microphones in a remote control. 

The entire virtual path length is then yielded 
from the position of the virtual acoustic object and, as 
35 described above, the position determined for the 
respective loudspeaker. Various possibilities of 
representation are conceivable in this case for the two 
positions. Thus, this can be performed, for example, by 
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Cartesian coordinates, that is to say a specification of 
distance in all three directions in space, or by 
spherical coordinates, that is to say a specification of 
distance and the specification of the horizontal and, if 
5 appropriate, vertical angle. 

While the position of the loudspeaker should 
remain unchanged in most cases, a change in the virtual 
position of the acoustic objects can by all means 
frequently occur. This will be the case, in particular, 

10 whenever the audio signals are ' reproduced in 
accompaniment with video signals. Thus, for example, in a 
feature film an actor or a vehicle can move on the 
viewing screen or disappear from the screen and thus 
change his. spatial position. It is likewise conceivable 

15 that in computer games having sound outputs a game 
participant is moved by the player, for example with the 
aid of a joystick, and that the reproduction of a sound 
signal, which is assigned to the game participant, is 
adapted in accordance with the position prescribed or 

20 altered by the player. 

The invention can be used to transmit, but also 
to record and reproduce digital audio signals, for 
example in accordance with the MPEG-4, MPEG-2 or AC3- 
Standards. This can be both pure audio signal 

25 reproduction, for example by a CD player, DAB or ADR 
receivers, and reproduction of the audio signals in 
conjunction with video signals, for example a DVD player 
or a digital television receiver. Furthermore, 
application is also conceivable in the case of 

30 interactive systems such as videophones or computer 
games. 
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Patent Claims 

1. Method for projecting sound sources (3) onto 
loudspeakers (2), characterized in that the sound sources 
(3) are interpreted as acoustic objects, an acoustic 
object consisting in that in addition to the audio signal 
a sound source is assigned an item of spatial information 
which specifies a virtual, spatial position of the sound 
source . 

2. Method according to Claim 1, characterized in 
that the audio signal is processed as a function of the 
associated item of spatial information in order to 
reproduce an acoustic object. 

3. Method according to Claim 2, characterized in 
that the spatial position of the loudspeakers (2) is 
additionally considered, the virtual distance of the 
sound source from the loudspeaker being calculated from 
the spatial information and the position of the 
loudspeakers, and separate processing of the audio signal 
for each of the loudspeakers being performed for an 
acoustic object. 

4. Method according to Claim 2 or 3, characterized 
in that one or more of the following parameters are 
considered when processing the audio signals: 

- amplitude attenuation, for example by damping 
or diffraction (7), 

- a different propagation time for the various 
acoustic objects and loudspeakers (8), 

consideration of the dependence of the 
loudspeaker level on the spatial arrangement by 
means of the outer ear function (9) . 

5. Method according to Claim 4, characterized in 
that the frequency dependence of the parameters is also 
considered in processing the audio signals. 

6. Method according to Claim 5, characterized in 
that mathematical functions required for considering the 
parameters such as, for example, an attenuation function 
are transmitted and/or stored as a function of the 
distance and/or the angle of deflection. 
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7. Method according to one of the preceding claims, 
char:;cterized in that the data of an acoustic object are 
stored :i:;d/cr transmitted by means of a compressed data 
strea::: in accordance with the MPEG-4 Standard. 

8. L'cvice for projecting sound sources onto 
loud^:;>-. , characterized in that the sound sources are 
inter rr ^-led as acoustic objects, n x k actuators (7, 8, 
9) b-im provided for n acoustic objects and k 
loudsi^^-.i y:v r , and an actuator carrying out processing of 
an acL>ur.i:;_' object with reference to one of the 
loudspc a fic r . 

9. :'vv:rc according to Claim 8, characterized in 
that ar. ac^Uritor contains at least one of the following 
units : 

- c» \:r.:i (7) for amplitude matching, 

u time-delay unit (8) for correcting the 
differer.:. propagation times, 

a unit (9) for considering the outer ear 

function , 

10. Device according to Claim 9, characterized in 
that a frequency dependence of the parameters is also 
considered by the actuators, the signals firstly being 
resolved into frequency bands by a split filter (10), the 
individual frequency bands then being processed 
individually, and the processed frequency bands 
subsequently being recombined by a merge filter (12) , 

11. Device according to Claim 10, characterized in 
that the split filter and/or the merge filter are part of 
an audio decoder which is present in any case. 

12. Device according to one of Claims 8 to 11, 
characterized in that an arithmetic unit is provided 
which calculates the distance of the virtual acoustic 
objects from the respective loudspeakers from an item, of 
spatial information transmitted with the audio signal and 
the actual position of the loudspeakers. • 

13. Method according to one of Claims 8 to 12, 
characterized in that a memory is provided in which the 
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respective loudspeaker positions and/or mathematical 
functions for considering parameters are stored. 

14. Device according to one of Claims 8 to 13, 
characterized in that one or more directional microphones 
are provided which are used to measure the loudspeaker 
position. 

15. Device according to Claim 14, characterized in 
that the directional microphone or the directional 
microphones is/are integrated in a remote control. 
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